Twenty-two patients with heart disease performed a standard isometric ' demonstrated that sustained isometric contraction, involving the extensor groups of the lower extremities at the knee (leg pressure) or the flexor groups of the forearm at the elbow (sustained handgrip) resulted in a marked increase in systolic, mean, and diastolic blood pressure. In these normal volunteers, this increase in arterial pressure was due primarily to an increase in cardiac output associated with an increase in heart rate, with little change in stroke volume or systemic vascular resistance. The increase in arterial pressure was surmised to maintain blood flow through the muscles subject to static contraction.
Because of the simplicity of handgrip as an isometric exercise, the present study was undertaken to evaluate its effect on the cardiovascular performance of patients with different types and severity of heart disease.
Methods Twenty-two patients were studied during diagnostic right and left heart catheterization, which included left ventriculography and coronary arteriography. There were 13 patients with coronary artery disease, five with rheumatic heart disease (three with significant mitral stenosis), and one patient each with essential hypertension, paroxysmal atrial fibrillation, Wolff-ParkinsonWhite syndrome, and aortic insufficiency due to a congenitally bicuspid valve ( dp/dt from which maximum dp/dt was measured. The system used allowed accurate determination of dp/dt to a value of 4,000 mm Hg/sec. Calculations of cardiac index, stroke index, left ventricular stroke-work index (LVSWI), systolic ejection rate, and systemic vascular resistance were made from standard formulae. Myocardial oxygen consumption index (cc/min) was calculated as the product of coronary sinus blood flow (ml/min) and systemic artery-coronary sinus blood oxygen difference (ccO2/ml blood).
Force-velocity relations were calculated from three successive contractions, utilizing simultaneous left ventricular pressure and dp/ dt at 10-msec intervals during isovolumic systole, employing the formula: V(E dp/dt .3 P was developed The frequency response of the catheter-manifold-transducer system employed was analyzed by application of a square wave pressure transient, equivalent to approximately 150 mm Hg, to the system with the catheter acting as a vent. control period and after 3 to 4 min of handgrip. Figure 2 plots the average results in three groups of patients, separated on the basis of the New York Heart Association functional classification. Patients with coronary artery disease were classified on the basis of their symptoms of congestive heart failure and not on the presence of angina. The patients with mitral stenosis were excluded and will be discussed later. Units and abbreviations: HR = heart rate: beats/min; BP = blood pressure; S/D = sytolic/diastolic; BP= mear blood pressure: mm Hg; LVED = left ventricular end-diastolic pressure: mm Hg; Max dp/dt = maximum dp/dt: mir Hg/sec; Vmax = maximum velocity of contractile element shortening: muscle lengths/sec; CI = cardiac index: litersy minim2; LVSWI = left ventricular stroke-work index g-m/m2; SVR = systemic vascular resistance: dyne-sec-cm-5 CSF = coronary sinus blood flow: m/min; A-VO0 = arterial coronary oxygen content diference; MV2= myocardia oxygen consumption: ml/min; Art. lactate = arterial lactate concentration: mM/ml; CS lactate = coronary sinus lactate concentration: mM/ml. with a 20 to 25% increase in the other three groups. The increase in arterial pressure in mitral stenosis was produced by a large increase in systemic vascular resistance, since there was a moderate decline in cardiac index. In the patients with mitral stenosis, the average LVEDP (13 mm Hg) did not change with handgrip. The obstruction at the mitral valve probably prevented an increase in cardiac output, so that arterial pressure was increased predominantly by an increase in systemic vascular resistance. Thus, the hemodynamic response to the grip test may be different in patients with obstructive valvular heart disease and must be interpreted accordingly.
There was also a general correlation between the response to the handgrip and indices of contractile state (tables 3 and 4). In the five patients with a control maximum dp/dt greater than 1,400 mm Hg/sec, LVSWI increased, together with a slight increase in average LVEDP (table 3). In the 11 patients with a maximum dp/dt between 1,000 and 1,400 mm Hg/sec, there was an increase in LVSWI from 46 to 52 g-m/m2, accompanied by an increase in LVEDP from 12 to 17 Table 3 Relation of Maximum dp/dt to LV Reserve Initial max dp/dt Patients are divided on the basis of their control maximum LV dp/dt. The average values of LVSWI and LVEDP are indicated for each group before and during the fourth minute of handgrip.
mm Hg. In the six patients with a maximum dp/dt between 600 and 1,000 mm Hg/sec, LV stroke-work index was unchanged, function generally have an increase in ventricular performance with an increase in preload, but patients with heart disease have little or no change in ventricular performance with an increase in preload. 7 The results of the present study conform to this general pattern. The response to handgrip, however, appears to be more than just an increase in preload in response to the increase in arterial pressure. Thus, the increase in stroke-work or stroke volume associated with a decrease in LVEDP in some patients suggests an increase in contractile state, presumably mediated through the cardiac sympathetic nerves. Furthermore, the increase in heart rate that occurred despite an increase in arterial pressure suggests that an increase in sympathetic tone predominated over the baroreceptor-induced increase in vagal tone, which usually decreases heart rate.
The use of angiotensin to increase vascular resistance reported by Ross et a18 yields a similar estimate of ventricular reserve. They also noted that those patients with the best ventricular reserve increased LVSWI with little or no change in LVEDP in response to an increased afterload. Conversely, those patients with poor left ventricular reserve had a decline in LVSWI and an increase in LVEDP. Although the results are similar, the simplicity of the handgrip stress test appears to favor its use as an LV function test when compared to the constant intravenous infusion of angiotensin or other drugs. Since the effects of handgrip disappear within a few seconds after release, untoward and potentially dangerous responses such as angina and arrhythmia can be relieved almost immediately. As with any stress test, however, equipment for immediate resuscitative measures must be present since the substantial stress of the grip test can conceivably be associated with a lifethreatening event. In those patients who are unable to perform the handgrip test either because of disability or inability to cooperate, a standard pharmacologic test, such as infusion of angiotensin, may be useful.
The handgrip test has recently been used as a tool in the clinical evaluation9' 10 of heart sounds and heart murmuis. During handgrip, auscultation may reveal third and fourth heart sounds which were absent at rest. The large increase in left ventricular end-diastolic pressure seen in some patients means that their ventricles are poorly compliant in that range. Therefore, blood entering the ventricle with the opening of the mitral valve or with atrial systole can produce a third and/or fourth heart sound.
The marked increase in coronary blood flow and myocardial oxygen consumption produced by handgrip indicates the magnitude of the stress imposed upon the heart by isometric exercise. Since there was no lactate production or episode of angina pectoris seen during the grip test in these patients, the secondary coronary vasodilatation was presumably adequate to meet the increased oxygen needs. However, in patients with severe coronary disease, it is conceivable that the grip test could precipitate an episode of sustained chest pain or an ischemia-induced arrhythmia. Furthermore, the results of the present study underscore the potential danger of isometric exercise in any patient with serious heart disease. Predominantly isometric exercise, such as shoveling snow or lifting heavy objects, long associated with cardiac catastrophe, can easily produce episodes of congestive heart failure or pulmonary edema in susceptible patients and should be avoided.
